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Specification 

1. Title of Invention 

DYNAMIC SEMICONDUCTOR MEMORY DEVICE 

2. Detailed Description of the Invention 

[0001] 

[Field of the Invention] 

The present invention relates to a dynamic 
semiconductor memory device and, more particularly, to a 
dynamic random access memory (DRAM) that requires refresh. 

[0002] 
[Background Art] 

In battery-operated equipment, such as a portable 
telephone or a personal digital assistant (PDA), reducing 
the power consumed by a semiconductor device incorporated 
therein is one of the most significant challenges. 
Hitherto, static random access memories (SRAMs) have been 
extensively used as semiconductor memories, because a 
memory cell of a SRAM that has six complementary metal 
oxide semiconductor (CMOS) transistors allows data to be 
retained with small current drain. The SRAM memory cell, 
however, is larger than a DRAM memory cell by twenty times 
or more. In addition, the necessary memory capacities are 
increasing in recent years, and fabricating a 32-Mbit or 
64-Mbit SRAM using the current 0.2 - 0.13 |im technologies 
for inevitably results in an excessively large chip. 
Therefore, SRAMs are inferior to DRAMs from the viewpoint 
of area efficiency and the disadvantage of poor area 
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efficiency interferes with miniaturization. For this 
reason, SRAiyis incorporated in products are recently being 
replaced by DRAMs . 
[0003] 

The DRAMs, however, require refresh, so that the 
standby current while data is being retained is 
considerably larger than that in SRAMs . Refresh current 
must be minimized to successfully replace SRAMs consuming 
less power by space-saving DRAMs. 

[0004] 

To solve the problem described above, a multi-chip 
package that combines a large-capacity DRAM and a 
small-capacity SRAM has been provided. The SRAM serves to 
back up the DRAM, and only the data that has to be retained 
among the data in the DRAM is stored in the SRAM. Even 
this product, however, has not achieved satisfactorily 
reduced power consumption. 

[0005] 

According to a typical standard of DRAMs, a 
specified data retention time is 64 ms . A memory 
controller is required to refresh each memory cell in a 
cycle within the specified data retention time. DRAM 
manufacturers conduct a test using data retention time that 
has some allowance so as to satisfy the aforementioned 
requirement (hereinafter referred to as "retention test"), 
and ship the products that have passed the ^ test. The total 
number of memory cells that have only short data retention 
time with an extremely small allowance to pass the 
retention test is rather small. Furthermore, most of the 
memory cells having such short data retention time involve 
some defects, so that they are replaced by redundant memory 
cells and are not actually used. Hence, the number of the 
memory cells with short data retention time that are 
actually used is extremely small, as compared with the 
number of memory cells in overall . DRAMs . 
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[0006] 

Actual measurements of data retention time show 
that most DRAMs of any manufacturers exhibit long retention 

that easily exceeds the range of seconds even at 85°C. For 
the retention test, an allowance is added to 64 ms to 
provide a reference value of, for example, 100 ms . There 
are only about dozens of memory cells that cannot exceed 
the reference value. The graph showing the distribution of 
data retention time indicates that about 99% memory cells 
have data retention time exceeding one second and an 
extremely small number of memory cells are distributed at 
bottom where the data retention time is short. 
[0007] 

In a conventional DRAM, all memory cells are 
refreshed at the same interval, e.g., 64 ms, according to 
the standard. Specifically, the shortest data retention 
time of all memory cells is used for the refresh cycle. 

The study of the capability distribution of data retention 
time described above reveals that the majority of memory 
cells are refreshed more frequently than necessary, 
wastefully consuming a considerable power. ■ Ideally, 
therefore, individual memory cells should be refreshed at 
intervals suited to the data retention time capability of 
each memory cell. Thus, only the memory cells worth dozens 
of bits may be refreshed at the shortest intervals of 64 
ms, while the remaining majority of memory cells may be 
refreshed at intervals that are far longer, allowing 
considerable power to be saved. However, setting a refresh 
cycle based on the capability value of each memory cell 
would require a circuit of an enormous scale and 
complexity, which is actually infeasible. 
[0008] 

To solve the problem described above, there has 
been proposed an invention in which memory cells are 
divided into groups and an optimum refresh' cycle is set for 
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each group. For instance, patent literature 1 shown below 
has disclosed an invention in which an optimum refresh 
cycle is set for each word line. This invention, however, 
requires a circuit of an enormous scale and complexity to 
set different refresh cycles for numerous word lines. 
Patent literature 2 shown below has disclosed an invention 
in which an optimum refresh cycle is set for each subarray. 
Patent literature 3 shown below has disclosed an invention 
in which an optimum refresh cycle is set for each memory 
cell array. In these inventions, however, the number of 
arrays is small, so that a satisfactory result cannot be 
obtained if memory cells having capability values of short 
data retention time are scattered among all arrays , 
[0009] 

[Patent literature 1] 

Japanese Unexamined Patent Application Publication 
No. 4-34794 

[Patent literature 2 ] 

Japanese Unexamined Patent Application Publication 
No. 5-109268 

[Patent literature 3] 

Japanese Unexamined Patent Application Publication 
No. 5-266657 

[Patent literature 4 ] 

Japanese Unexamined Patent Application Publication 
No. 5-2878 

[0010] 

[Problems to be solved by the Invention] 

An object of the present invention is to provide a 
dynamic semiconductor memory device requiring reduced 
refresh current. 

[0011] 

Another object of the present invention is to 
provide a dynamic semiconductor memory device capable of 
setting more different refresh cycles. 
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[0012] 

Still another object of the present invention is 
to provide a dynamic semiconductor memory device that 
fulfills the above objects by a simple circuit 
configuration . 

[0013] 

[Means for solving the Problems] 

A dynamic semiconductor memory device according to 
the present invention has a memory cell array that includes 
a plurality of memory cells. The memory cell array is 
divided into a plurality of blocks. The dynamic 
semiconductor memory device further includes a block 
decoder, a refresh cycle control circuit, and a row 
decoder. The block decoder decodes row address signals to 
generate block selection signals. The refresh cycle 
control circuit divides block selection signals by a preset 
frequency dividing ratio to set refresh cycles for the 
blocks. The row decoder selects blocks in response to the 
block selection signals. 

[0014] 

In the dynamic semiconductor memory device, the 
frequency of a block selection signal is divided by a 
preset frequency dividing ratio. If the frequency dividing 
ratio is 1, then the block selection signal is not divided, 
so that the associated block will be selected at a normal 
interval. If the frequency dividing ratio is 1/2, then the 
block selection signal is divided by 1/2, so that the 
associated block will be selected at an interval that is 
half the normal interval. Hence, the refresh cycle of this 
block will be half the normal interval, thus reducing the 
refresh current. The frequency dividing ratio is not 
particularly limited to 1/2, and an arbitrary ratio, such 
as 1/4 or 1/8, may be used. Moreover, the refresh current 
is reduced merely by adding a refresh cycle control 
circuit, allowing the dynamic semiconductor memory device 
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in accordance with the present invention to be achieved by 
a simple circuit configuration. 
[0015] 

Another dynamic semiconductor memory device in 
accordance with the present invention has a memory cell 
array that includes a plurality of memory cells. The 
memory cell array is divided into a plurality of first 
hierarchical blocks. Each of the first hierarchical blocks 
is further divided into a plurality of second hierarchical 
blocks. The dynamic semiconductor memory device further 
includes a refresh cycle setting device, which sets a first 
refresh cycle for the first hierarchical blocks and a 
second refresh cycle for the second hierarchical blocks. 
[0016] 

In this dynamic semiconductor memory device, the 
memory cell array is hierarchically divided into blocks, 
and the refresh cycles are hierarchically set for each 
block. This arrangement permits detailed setting of 
refresh cycles, resulting in further reduced refresh 
current of the entire memory cell array. 

[0017] 

[Preferred Embodiment of the Invention] 

Referring to the accompanying drawings, 
embodiments of the present invention will be explained in 
detail. The like or equivalent components ^ in the drawings 
will be assigned like reference numerals and the 
description thereof will be reused. 

[0018] 
[ First Embodiment ] 

Referring to Fig. 1, a DRAM in accordance with a 
first embodiment of the present invention has a 32-Mbit 
memory cell array MA, a row decoder RD, and a refresh cycle 
control circuit RCCC. The memory cell array MA is divided 
into four subarrays SUB 1 through SUB 4. Each of the 
subarrays SUB 1 through SUB 4 includes 8M (=8x22°) memory 
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cells (not shown) disposed in rows and columns, IK (=2^°) 
word lines WL disposed in rows, 8K (=8x2^°) bit line pairs 
BL disposed in columns, and 8K sense amplifiers SA provided 
in association with the bit line pairs BL. 
[0019] 

Each of the subarrays SUB 1 through SUB 4 is 
further divided into four regions #1 through #4, each of 
regions #1 through #4 including 256 word lines WL. The 4K 
sense amplifiers SA out of the BK are disposed between 
regions #1 and #2 and another 4K sense amplifiers SA are 
disposed between regions #3 and #4. The entire memory cell 
array MA is further divided into 128 blocks BK, each block 
BK including 32 word lines WL. 

[0020] 

To match the 128 blocks BK, the row decoder RD is 
divided into 128 block row decoders BRD. Each block row 
decoder BRD selects one of the 32 word lines WL in its 
associated block BK. The refresh . cycle control circuit 
RCCC sets refresh cycles Tl to T128 suited to the 128 
blocks BK. 

[0021] 

Referring to Fig. 2, the DRAM further includes an 
address receiver ADR, a row address counter RAG, a selector 
SEL, predecoders PDECl and PDEC2, and a block decoder BDEC. 
This embodiment shares the same construction as that of a 
conventional DRAM except for the provision of the refresh 
cycle control circuit RCCC. 

[0022] 

The address receiver ADR receives an input 
external row address signal EAD and supplies it to the 
selector SEL. The row address counter RAC internally 
generates an internal row address signal IAD and supplies 
it to the selector SEL. Each of the external row address 
signal EAD and the internal row address signal IAD is 
composed of 12 bits, because a single word line WL must be 
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identified among the 4K word lines WL in the entire memory 
cell array MA. 

[0023] 

In response to a refresh enable signal RE, the 
selector SEL selects either the external row address signal 
EAD from the address receiver ADR or the internal row 
address signal IAD from the row address counter RAC. The 
refresh enable signal RE is set to L (logical low) level in 
a normal access mode, while it is set to H (logical high) 
level in a refresh mode. If the refresh enable signal RE 
is L level, then the selector SEL selects the external row 
address signal EAD. If the refresh enable signal RE is H 
level, then the selector SEL selects the internal row 
address signal IAD. The selector SEL supplies lower two 
bits (1st and 2nd bits) of the selected row address signal 
to the predecoder PDECl, the next lower three bits (3rd 
through 5th bits) to the predecoder PDEC2, and upper seven 
bits (6th through 12th bits) to the block decoder BDEC. 

[0024] 

The predecoder PDECl decodes the 2-bit row address 
signal to generate a 4-bit (=2^) pre-decode signal PDl, 
which is supplied to the row decoder RD, The predecoder 
PDEC2 decodes the 3-bit row address signal to generate an 
8-bit (=2^) pre-decode signal PD2, which is supplied to the 
row decoder RD. The block decoder BDEC decodes a 7-bit row 
address signal to generate a 128-bit (=2"^) block selection 
signal BSI, which is supplied to the refresh cycle control 
circuit RCCC. 

[0025] 

The refresh cycle control circuit RCCC divides the 
block selection signal BSI by a predetermined frequency 
dividing ratio to set a refresh cycle for a block BK. To 
be more specific, when the refresh enable signal RE is L 
level, the refresh cycle control circuit RCCC supplies the 
128-bit block selection signal BSI as it is to the row 
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decoder RD. In other words, the refresh cycle control 
circuit RCCC divides the block selection signal BSI by a 
frequency dividing ratio of 1. If the refresh enable 
signal RE is H level, then the refresh cycle control 
circuit RCCC divides the 128-bit block selection signal BSI 
by a preset frequency dividing ratio (e.g., 1/2 or 1/4) and 
supplies the result to the row decoder RD. 
[0026] 

The refresh cycle control circuit RCCC is divided 
into 128 block refresh cycle control circuits BRCCC to deal 
with the 128-bit block selection signal BSI. 

[0027] 

When the refresh enable signal RE is L level, each 
of the block refresh cycle control circuits BRCCC supplies 
a corresponding 1-bit block selection signal BSI as it is 
to a corresponding block row decoder BRD. When the refresh 
enable signal RE is H level, each of the block refresh 
cycle control circuit BRCCC divides its corresponding 1-bit 
block selection signal BSI by a preset frequency dividing 
ratio and supplies the result to its corresponding block 
row decoder BRD. 

[0028] 

Hereinafter, a block selection signal input to the 
refresh cycle control circuit RCCC will be referred to as 
"input block selection signal BSI," and a block selection 
signal output from the refresh cycle control circuit RCCC 
will be referred to as "output block selection signal BSO." 

A specific circuit configuration of the refresh cycle 
control circuit RCCC will be discussed later. 
[0029] 

The row decoder RD selects one of the 128 blocks 
BK in response to a 128-bit output block selection signal 
BSO, and also selects one of 32 word lines "WL in the 
selected block BK and activates the selected word line WL 
in response to the pre-decode signals PDl and PD2 . 
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[0030] 

More specifically, in the row decoder RD, one of 
the 128 block row decoders BRD is selected in response to 
the 128-bit output block selection signal BSO, and the 
selected one is activated. The activated block row decoder 
BRD selects four from among the 32 word lines WL in a 
corresponding block BK in response to an 8-bit pre-decode 
signal PD2, and further selects one from among the four 
word lines WL in response to the 4-bit pre-decode signal 
PDl. 

[0031] 

Fig. 3 shows a configuration of the block refresh 
cycle control circuit BRCCC associated with one block row 
decoder BRD. Referring to Fig. 3, the block refresh cycle 
control circuit BRCCC has a fuse circuit FC for setting 
desired frequency dividing ratios and a frequency divider 
FD for dividing the block selection signals BSl by 
frequency dividing ratios set by the fuse circuit FC. The 
entire refresh cycle control circuit RCCC has 128 block 
refresh cycle control circuits BRCCC shown in Fig. 3. 

[0032] 

Referring now to Fig. 4, the fuse circuit FC has a 
pull-up resistors RA and RB, and fuses FA and FB made of 
polysilicon or the like. If the fuses FA and FB are not 
OFF, then fuse signals FAI and FBI are both set to L level 
by the fuses FA and FB, respectively. If only the fuse FA 
is cut OFF, only the fuse signal FAI is switched to H level 
by the pull-up resistor RA. If both fuses FA and FB are 
cut off, then the fuse signals FAI and FBI " are both set to 
H level by the pull-up resistors RA and RB, respectively. 

[0033] 

The fuse circuit FC includes the pull-up resistors 
RA and RB and fuses FA and FB formed of polysilicon or the 
like. The fuse circuit FC does not include a MOS 
transistor or the like, so that it is formed on the row 
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decoder RD. This makes it possible to restrain an increase 
in the chip area when the fuse circuit FC is added. 
[0034] 

Referring back to Fig. 3, the frequency divider FD 
has a transfer gate TG, a latching circuit LC, a counter 
CTR, and an AND (logic product) gate AND. 

[0035] 

The transfer gate TG turns on when the refresh 
enable signal RE is H level, while it turns off when the 
refresh enable signal RE is L level. The latching circuit 
LC is formed of interconnected inverters IVl and IV2 . When 
the refresh enable signal RE is H level, the transfer gate 
TG supplies the input block selection signal BSI to the 
latching circuit LC . The latching circuit LC latches the 
input block selection signal BSI and inverts it into a 
counter input signal CIN and supplies the counter input 
signal CIN to the counter CTR. 

[0036] 

The counter CTR is incremented in response to the 
counter input signal CIN and issues 2-bit counter output 
signals FAQ and FBO. The counter output signal FAQ is the 
least significant bit (LSB) , while the counter output 
signal FAB is the most significant bit (MSB) . 

[0037] 

The counter CTR is activated when the refresh 
enable signal RE is H level, while it is deactivated when 
the refresh enable signal RE is L level. The counter CTR 
is also deactivated when the fuse signals FAI and FBI are 
both L level. The deactivated counter CTR fixes both 
counter output signals FAQ and FBO at the H level. The 
activated counter CTR is incremented at each falling edge 
of the counter input signal CIN. If the fuse signal FAI is 
H level and the fuse signal FBI is L level, then the 
counter CTR fixes the counter output signal FAO of the MSB 
at the H level and functions as a 1-bit counter. If the 
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fuse signals FAI and FBI are both H level, then the counter 
CTR functions as a 2-bit counter. 
[0038] 

The operation of the DRAM will now be described. 
[0039] 

The data retention time is measured for each block 
BK during a retention test, and the fuses FA and FB of a 
block BK that has passed a 256-ms retention test are both 
cut off. For a block BK that has passed a 128-ms retention 
test although it has failed the 256-ms retention test, only 
the fuse FA is cut off. For other blocks BK, that is, the 
blocks that have failed both retention tests, none of the 
fuses FA and FB are cut off. 

[0040] 

(1) Normal access mode 

In the normal access mode, the refresh enable 
signal RE is L level. Hence, the selector SEL selects the 
external row address signal EAD. For all 128 blocks BK, 
the counter CTR fixes both counter output signals FAO and 
FBO at the H level, thus causing the AND gate AND to 
directly supply the input block selection signal BSI to the 
block row decoder BRD as the output block selection signal 
BSO. Hence, the refresh cycle control circuit RCCC 
directly supplies the 128-bit input block selection signal 
BSI to the row decoder RD as the 128-bit output block 
selection signal BSO. Thus, the DRAM operates in the same 
manner as the conventional DRAMs without the refresh cycle 
control circuit RCCC. 

[0041] 

(2) Refreshing mode 

In the refresh mode, the refresh enable signal RE 
is H level. This causes the selector SEL to select the 
internal row address signal IAD. The refresh cycle control 
circuit RCCC implements different functions, depending on 
whether the fuses FA and FB are cut off or not. 
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[0042] 

Taking burst refresh as an example, the operation 
will be explained with reference to Fig. 5. The burst 
refresh activates all 4K word lines WL in order to refresh 
all 32iyi memory cells. 

[0043] 

(2.1) If none of the fuses FA and FB are cut off 

Attention will be focused on one particular block 
among the 128 blocks BK. In the block refresh cycle 
control circuit BRCCC associated with the block BK of 
interest, the fuse signals FAI and FBI are both L level if 
none of the fuses FA and FB are cut off. This deactivates 
the counter CTR, fixing both counter output signals FAO and 
FBO at the H level. Accordingly, the AND gate AND directly 
supplies the input block selection signal BSI to the block 
row decoder BHD as an output block selection signal BSOl. 
[0044] 

The input block selection signal BSI remains H 
level for 0.5 ms, so that the output block selection signal 
BSOl will also remain H level for 0.5 ms . During this 
0.5-ms period of time, the block row decoder BRD activates 
each of the 32 word lines WL for 15.6 |iis in order so as to 
refresh all memory cells in the block BK of interest. Upon 
completion of the refresh, the input block selection signal 
BSI is switched to the L level. While the input block 
selection signal BSI remains L level, the input block 
selection signal BSI is set to the H level for 0 . 5 ms for 
each of the 127 blocks other than the block BK of interest. 
Each block takes 0.5 ms, so that 127 blocks take 63.5 ms (= 
0.5 ms X 127). As a result, for the block BK of interest, 
the input block selection signal BSI and the output block 
selection signal BSOl are switched back to the H level and 
the refresh is resumed in 64 ms following the start of the 
first refresh. 

[0045] 
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In this case, therefore, all memory cells in the 
block BK of interest are refreshed at 64-ms intervals as 
normal . 

[0046] 

(2.2) If the fuse FA is cut off 

If only the fuse FA is cut off in the block 
refresh cycle control circuit BRCCC associated with the 
block BK of interest, then the fuse signal FAI is switched 
to the H level, while the fuse signal FBI is switched to L 
level. This causes the counter CTR to fix the counter 
output signal FAO of the MSB at the H level and to function 
as a 1-bit counter. Meanwhile, the transfer gate TG has 
been turned on in response to the H-level refresh enable 
signal RE, so that the latching circuit LC supplies the 
counter input signal GIN, which is obtained by inverting 
the input block selection signal BSI, to the counter GTR. 
The counter GTR is incremented at falling edges Fl to F5 of 
the counter input signal GIN, causing the counter output 
signal FAO of LSB to be repeatedly switched between the L 
and H levels accordingly. While the counter output signal 
FAO is L level, the AND gate AND fixes an output block 
selection signal BS02 at the L level. In other words, 
while the counter output signal FAO is L level, the H-level 
input block selection signals BSI are decimated and will 
not appear in the output block selection signal BS02 . 
Thus, the cycle of the output block selection signal BS02 
will be 128 ms, which is double the cycle of the input 
block selection signal BSI. 

[0047] 

In this case, therefore, all memory cells in the 
block BK of interest are refreshed at the 128-ms interval, 
which is double that of normal cycle. 

[0048] 

(2.3) If both fuses FA and FB are cut off 

If both fuses FA and FB are cut off in the block 
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refresh cycle control circuit BRCCC associated with the 
block BK of interest, then both fuse signals FAI and FBI 
are both set to the H level. This causes the counter CTR 
to function as a 2-bit counter. The counter output signal 
FAO of MSB is repeatedly switched to the L or H level at 
each rising edge of the counter output signal FBO of LSB. 
While the counter output signal FAO or FBO is L level, the 
AND gate AND fixes the output block selection signal BS03 
at the L level. More specifically, while the counter 
output signal FAO or FAB is L level, input block selection 
signals BSI at the H level are decimated and do not appear 
in the output block selection signal BS03 . Hence, the 
cycle of the output block selection signal BS03 will be 256 
ms, which is four times the cycle of the input block 
selection signal BSI. 
[0049] 

In this case, therefore, all memory cells in the 
block BK of interest are refreshed at the intervals of 256 
ms, which is four times the normal cycle. 

[0050] 

The counter CTR is incremented at the falling 
edges Fl to F5 of the counter input signal CIN, and reset 
at a falling edge FO of the first counter input signal CIN 
since the refresh enable signal RE is switched to the H 
level, causing both counter output signals FAO and FBO to 
be H level. Hence, the first refresh is performed for 
safety whenever a refresh mode is set even if neither the 
fuse FA nor FB has been cut off. 

[0051] 

As described above, according to the present 
embodiment, the retention test is conducted for each block 
BK, and the 256-ms refresh cycle is set for the blocks BK 
that have passed the 256-ms retention test. A 128-ms 
refresh cycle is set for the blocks BK that have passed a 
128-ms retention test, while a 64-ms refresh cycle is set 
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for other blocks BK. Thus, the refresh current will be 
reduced to a quarter in the blocks BK for which the 256-ms 
refresh cycle is set, and the refresh current will be 
reduced to a half in the blocks BK for which the 128-ms 
refresh cycle is set. Moreover, different refresh cycles 
suited to the 128 blocks BK can be set, allowing more 
detailed settings of refresh cycle to be accomplished. The 
advantage can be obtained merely by adding the simple 
refresh cycle control circuit RCCC to a conventional DRAM. 
[0052] 

In the above embodiment, the number of blocks is 
128, and the refresh cycles are twice and quadruple of 64 
ms; however, the present invention is not particularly 
limited to these numbers. For instance, if the counter CTR 
is 3-bit, then an 8-fold refresh cycle will be obtained, or 
if the counter CTR is 4-bit, then a 16-fold refresh cycle 
will be obtained, thus expanding the selectable range of 
refresh cycles. 

[0053] 

According to the present embodiment, refresh 
current Ir is usually given by expression (1) below: 

Ir=IbxF2/Nb+Ib/2xF4/Nb+Ib/4x(Nb-F2-F4) /Nb ... (1) 
[0054] 

where lb denotes a basic refresh current when the 
refresh cycle is set to 64 ms, Fn denotes the number of 
blocks failing a retention test of n x 64 ms, and Nb is the 
total number of blocks. 

[0055] 

If it is assumed that 12 blocks have failed the 
128 ms retention test, and 26 blocks have failed the 256 ms 
retention test, the refresh current Ir in this case is 
given by expression (2) below: 

Ir=Ibxl2/12 8+Ib/2x2 6/128+Ib/4x (128-12-26) /128 
=Ibx ( 12 /128+l/2x2 6/128+l/4x (128-12-2 6) /128) =0. 371 lb 

(2) 



- 16 - 



DOCKET NO. JP920030016US1 



[0056] 

The refresh current Ir in this case will be almost 
one third of that in the case where the refresh cycle is 
uniformly set to 64 ms . 

[0057] 
[ Second Embodiment ] 

Referring to Fig. 6, a DRAM according to a second 
embodiment of the present invention has two memory cell 
arrays MA. Each memory cell array MA includes 32M memory 
cells (not shown) arranged in rows and columns, 16K word 
lines WL arranged in rows, and 2K bit line pairs BL 
arranged in columns. Each memory cell array MA has 32-Mbit 
memory capacity. The entire DRAM has a 64 -Mbit memory 
capacity. Each memory cell array MA is divided into 64 
subarrays SUB, each subarray SUB having 512-Kbit memory 
capacity. 

[0058] 

Referring to Fig. 7, each subarray SUB has 512K 
memory cells (not shown), 256 word lines WL, and 2K bit 
line pairs BL. 2K sense amplifiers SA are individually 
connected to the 2K bit line pairs BL. 

[0059] 

As shown in Fig. 7, a row-based peripheral circuit 
is disposed between the two, upper and lower, memory cell 
arrays MA shown in Fig. 6. The row-based peripheral 
circuit has a refresh cycle control circuit RCCC, two row 
decoders RD, two virtual word line decoder and word line 
drivers (hereinafter referred to simply as "word line 
drivers") VWDWLD, and a control circuit CC. 
[0060] 

The refresh cycle control circuit RCCC is provided 
at the middle of the upper and lower subarrays SUB, the 
details of which will be discussed below. The row decoders 
RD are disposed, one each, on both sides of the refresh 
cycle control circuit RCCC. The upper row decoder RD 
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selects the word line WL located in the upper subarray SUB 
in response to a predecode signal. The lower row decoder 
RD selects the word line WL located in the lower subarray 
SUB in response to a predecode signal. The predecode 
signals are supplied from a predecoder. 
[0061] 

The predecoder not shown in the present embodiment 
basically identical to the predecoders PDECl and PDEC2 in 
the first embodiment shown in Fig. 2. The ' predecoder 
decodes a row address signal and generates a predecode 
signal. As a row address signal, an external row address 
signal supplied from outside at the time of an access is 
normally used, while an internal row address signal 
internally generated is used in the refresh mode. 

[0062] 

The word line drivers VWDWLD are provided outside 
the row decoders RD. The upper word line driver VWDWLD 
drives word lines WL selected by .the upper row decoder RD, 
while the lower word line driver VWDWLD drives word lines . 
WL selected by the lower row decoder RD. One drive 
operation simultaneously actuates two subarrays SUB, 
thereby refreshing the 4K memory cells at the same time. 

[0063] 

Fig. 8 shows the details of the refresh cycle 
control circuit RCCC, the row decoders RD, and the word 
line drivers VWDWLD. The present embodiment shares the 
same configuration as that of a conventional DRAM except 
for the provision of the refresh cycle control circuit 
RCCC . 

[0064] 

Referring to Fig. 8, the row decoder RD selects 
the subarray SUB, i.e., the 256 word lines WL, in response 
to a predecode signal ZLO. The row decoder RD further 
selects 32 word lines WL from among the selected 256 word 
lines WL in response to 8-bit predecode signals ZLl to ZL8. 
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The subarrays SUB are divided into eight blocks BKl to BK8 . 
Each of the blocks BKl to BK8 includes the 32 word lines 
WL. Each memory cell array MA is divided into 512 (=64x8) 
blocks. 

[0065] 

The row decoder RD selects eight word lines WL 
from among the selected 32 word lines WL in response to 
4-bit predecode signals ZL9 to ZL12. To implement the 
selection, the row decoder RD has eight AND circuits AND 21 
to AND 28 constituting an AND tree. For instance, when the 
predecode signals ZLO, ZL8, and ZL12 are all H level, the 
AND circuit AND 28 selects corresponding eight word lines 
WL. 

[0066] 

The word line driver VWDWLD turns ON/OFF the power 
supplied to each word line WL in response to three bits of 
a row address signal thereby to drive one word line WL 
among the eight word lines WL selected by the row decoder 
RD. 

[0067] 

The refresh cycle control circuit RCCC sets a 
64-ms or 128-ms refresh cycle for the 256 subarrays, and 
also sets a 64-ms or 256-ms refresh cycle for the 512 
blocks. The refresh cycle control circuit RCCC receives 
nine bits of predecode signals ZLIO to ZLI8 from the 
predecoder (not shown) and supplies nine bits of predecode 
signals ZLO to ZL8 to the row decoder RD. Hereinafter, the 
predecode signals input to the refresh cycle control 
circuit RCCC will be referred to as "input predecode 
signals" to distinguish them from the predecode signals ZLO 
to ZL8 output from the refresh cycle control circuit RCCC. 

[0068] 

The refresh cycle control circuit RCCC has nine 
block refresh cycle control circuits BRCCCO to BRCCC8 
provided in association with the nine bits of predecode 
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signals ZLO to ZL8 . Each block refresh cycle control 
circuit BRCCCi (i=0 to 8) divides an input predecode signal 
ZLIi by a preset frequency dividing ratio (1, 1/2 or 1/4), 
and outputs the resulting predecode signal ZLi . Each block 
refresh cycle control circuit BRCCCi includes a fuse 
circuit FCi and a frequency divider FDi . Hence, the entire 
refresh cycle control circuit RCCC has nine fuse circuits 
FCO to FC8 and nine frequency dividers FDO to FD8 provided 
therefor, 

[0069] 

Each fuse circuit FCi has a pull-up resistor (not 
shown) and a fuse (not shown) . More specifically, each 
fuse circuit FCi has only one system in the fuse circuit FC 
shown in Fig. 4. Each fuse circuit FCi outputs an L-level 
fuse signal Fli if its internal fuse is not cut off, 
whereas it outputs an H-level fuse signal Fli when the 
internal fuse is cut off. The fuse circuit FCO sets a 
frequency dividing ratio of 1 or 1/2. Fuse circuits FCI to 
FC8 sets a frequency dividing ratio of 1 or 1/4. 

[0070] 

Each frequency divider FDi has a transfer gate Ti, 
a latching circuit LCi, a counter CTRi, and an AND (logic 
product) gate ANDi. The configurations and functions of 
the frequency dividers are identical to those of the 
frequency divider FD shown in Fig. 3 except for a counter 
CTRi. The frequency divider FDO divides the input 
predecode signal ZLIO by a frequency dividing ratio set in 
the fuse circuit FC . The frequency dividers FDI to FD8 
divide the input predecode signals ZLII to ZLI8 by the 
frequency dividing ratios set in the fuse circuits FCI to 
FC8. 

[0071] 

The counter CTRO is activated when the refresh 
enable signal RE is switched to the H level and the fuse 
signal FIO is switched to the H level, while it is 
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deactivated when the refresh enable signal^ RE or the fuse 
signal FIO is switched to the L level. The activated 
counter CTRO functions as a 1-bit counter, and it is 
incremented at a falling edge of a counter input signal Gin 
and outputs a 1-bit counter output signal CoutOO. At each 
rising edge of the input predecode signal ZLIO, the counter 
output signal CoutOO is repeatedly switched between "0" (L 
level) and "1" (H level) . In this case, therefore, the AND 
gate ANDO divides the input predecode signal ZLIO by a 
frequency dividing ratio of 1/2. The deactivated counter 
CTRO fixes the counter output signal CoutOO at the H level. 
In this case, therefore, the AND gate ANDO directly outputs 
the input predecode signal ZLIO as the predecode signal 
ZLO. In other words, the AND gate ANDO divides the input 
predecode signal ZLIO by a frequency dividing ratio of 1. 
[0072] 

Counters CTRi (i=l to 8) is activated when the 
refresh enable signal RE is activated to the H level and a 
fuse signal Fli is switched to the H level, while it is 
deactivated when the refresh enable signal RE or the fuse 
signal Fli is switched to the L level. The activated 
counter CTRi functions as a 2-bit counter, and it is 
incremented at a falling edge of the counter input signal 
Cin and outputs a 2-bit counter output signal Coutli and 
CoutOi, the counter output signal Coutli being MSB and the 
counter output signal CoutOi being LSB. At each rising 
edge of the input predecode signal ZLIi, the counter output 
signals Coutli and CoutOi are repeatedly subjected to the 
change of "00" "01" "10" "11". In'this case, 
therefore, the AND gate ANDO divides the input predecode 
signal ZLIi by a frequency dividing ratio of 1/4. The 
deactivated counter CTRi fixes both counter output signals 
Coutli and CoutOi at the H level. In this case, therefore, 
the AND gate ANDi directly outputs the input predecode 
signal ZLIi as the predecode signal ZLi . In other words. 
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the AND gate ANDi divides the input predecode signal ZLIi 
by a frequency dividing ratio of 1 . 
[0073] 

Fuse circuits FCO to FC8 are disposed on the AND 
tree forming the row decoder RD. The frequency dividers 
FDO to FD8 are disposed in the control circuit CC shown in 
Fig. 7. Using such a layout makes it possible to restrain 
an increase in the chip area when the refresh cycle control 
circuit RCCC is added. 

[0074] 

An operation of the DRAM will now be described. 
[0075] 

For a subarray SUB that has passed the 128-ms 
retention test out of the 64 subarrays SUB, the fuse of the 
fuse circuit FCO that corresponds to the subarray SUB is 
cut off. Furthermore, for a block BKj (j=l to 8) that has 
passed the 256-ms retention test out of the 512 blocks, the 
fuse of a fuse circuit FCj that corresponds to the block 
BKj is also cut off. For the remaining blocks BKk (k=l to- 
8), the fuses of the fuse circuits FCk corresponding to the 
blocks BKk are not cut off. 

[0076] 

(1) Normal access mode 

In the normal access mode, the refresh enable 
signal RE is switched to the L level, and all counters CTRO 
to CTR8 are deactivated. The counter CTRO fixes the 
counter output signal CoutOO at the H level. The counters 
CTRl to CTR8 fix the counter output signals Coutll, CoutOl 
to Coutl8, and CoutOS at the H level. This causes the 
refresh cycle control circuit RCCC to directly supply the 
input predecode signals ZLIO to ZLI8 to the row decoder RD 
as the predecode signal signals ZLO to ZL8 . The DRAM 
operates in the same manner as a conventional DRAM not 
equipped with the refresh cycle control circuit RCCC. 
[0077] 
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(2) Refresh mode 

The following will explain an operation of the 
DRAM, taking a burst refresh operation, as - an example, with 
reference to Figs.. 9 and 10. 

[0078] 

Burst refresh sequentially selects the 256 word 
lines WL to refresh all memory cells in a subarray SUB. In 
the burst refresh mode, the refresh enable signal RE goes 
to H level at the 64-ms intervals while the 256 word lines 
are being selected, as shown in Figs. 9 and 10. 

[0079] 

(2.1) When none of fuse circuits are cut off (Fig. 9) 

If none of the fuses of fuse circuits FCO to FC8 
are cut off, then all block refresh cycle control circuits 
BRCCCO to BRCCC8 directly supply the input predecode 
signals ZLIO to ZLI8 to the row decoder RD as predecode 
signals ZLO to ZL8, as shown in Fig. 9. This causes the 
predecode signal ZLO to constantly remain at the H level 
while the refresh enable signal RE is H level, and the 
predecode signals ZLl to ZL8 to be sequentially ' switched to 
the H level. While each predecode signal ZLi (i= 1 to 8) 
is H level, its associated block BKi is selected, and the 
32 word lines WL in the block BKi are sequentially 
selected, thereby refreshing all the memory cells in the 
block BKi. All the predecode signals ZLl to ZL8 switch to 
the H level at the 64-ms intervals, so that all memory 
cells in the subarray SUB are refreshed at the 64- ms 
intervals as usual. 

[0080] 

(2.2) If fuse circuits FCO and FC3 are cut off (Fig. 10) 

If a retention test result shows that the data 
retaining time of all memory cells in the subarray SUB is 
128 ms or more, then the fuse of the fuse circuit FCO is 
cut off. If the data retaining time of all memory cells 
in, for example, the block BK 3, is 256 ms or more, then 
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the fuse of the fuse circuit PCS is cut off. 
[0081] 

In this case, as illustrated in Fig. 10, the block 
refresh cycle control circuits BRCCCl, BRCeC2, and BRCCC4 
to BRCCC8 directly supply the input predecode signals ZLIl, 
ZLI2, and ZLI4 to ZLI8 to the row decoder RD as the 
predecode signals ZLl, ZL2, and ZL4 to ZL8 . The block 
refresh cycle control circuit BRCCCO divides the input 
predecode signal ZLIO by a frequency dividing ratio 1/2, 
and the block refresh cycle control circuit BRCCC3 divides 
the input predecode signal ZLI3 by a frequency dividing 
ratio 1/4. Thus, the cycle of the predecode signals ZLl, 
ZL2, and ZL4 to ZL8 remains to be 64 ms, while the cycle of 
the predecode signal ZLO will be 128 ms and the cycle of 
the predecode signal ZLI3 will be 255 ms . 

[0082] 

Since the cycle of the predecode signal ZLO is 128 
ms, the subarray SUB will be selected only at intervals of 
128 ms. Therefore, the blocks BKl, BK2, and BK4 to BKB 
will not be selected even if the predecode signals ZLl, 
ZL2, and ZL4 to ZL8 are switched to the H level while the 
predecode signal ZLO is L level. As a result, the blocks 
BKl, BK2, and BK4 to BK8 are refreshed at the 128-ms cycle 
of the predecode signal ZLO, while the block BK3 is 
refreshed at the 256-ms cycle of the predecode signal ZL3. 

[0083] 

The present embodiment uses eight 3~input AND 
gates ANDl to AND8 . Alternatively, however, eight 4-input 
AND gates may be used to commonly supply the predecode 
signal ZLO output from the AND gate ANDO to the eight 
4-input AND gates in place of the row decoder RD. The 
operation in this case is the same as that ' described above. 

[0084] 

Thus, according to the second embodiment, for a 
subarray SUB having shortest data retaining time of 128 ms 
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or more, the refresh cycle of the subarray SUB can be set 
to 128 ms, which is double a standard cycle, by cutting off 
the fuse circuit FCO . In this subarray SUB, for a block 
having shortest data retaining time of 256 ms or more, the 
refresh cycle of the block can be set to 256 ms, which is 
quadruple of a standard cycle, by cutting off its 
corresponding fuse circuit. Hence, the power consumed for 
refresh can be reduced in subarrays or blocks having longer 
refresh cycles than a standard cycle. 
[0085] 

According to a conventional method, if the 
shortest data retaining time of any one of the eight blocks 
BKl to BK8 ranges from 128 ms to 256 ms , then the refresh 
cycle of the entire subarray SUB has to be set to 128 ms 
even if the shortest data retaining time of other blocks is 
256 ms or more. According to the present embodiment, the 
refresh cycles can be hierarchically set in the order of 
subarrays and blocks, so that only the refresh cycle of the 
blocks having the shortest data retaining time of 128 to 
256 ms can be set to 128 ms, while the refresh cycle of the 
remaining blocks can be set to 256 ms . This makes it 
possible to reduce the power consumed for refresh in the 
remaining blocks, as compared with conventional DRAMs. 
Moreover, the advantages described above can be obtained 
simply by adding the refresh cycle control circuit RCCC to 
a conventional DRAM. 

[0086] 

According to the present embodiment, refresh 
current Ir can be generally given by expression (3) shown 
below : 

Ir=IbxF2/Nbl+Ib/2xF4/Nb2+Ib/4x (Nb2-F4-F2xNb2/Nb2 ) /Nb2 

... (3) 

[0087] 

where lb and Fn denote the same as those in 
expression (1) above^ and Nbn denotes the total number of 



- 25 - 



DOCKET NO. JP920030016US1 



blocks applied when retention test is carried out at 
refresh cycles of n x 64 ms. 
[0088] 

If it is assumed that 10 blocks out of 64 blocks 
fail in 128-ms retention test, and 100 blocks out of 512 
blocks fail in 256-ms retention test, then refresh current 
Ir in this case is given by expression (4) below: 
Ir=Ibxl0/64+Ib/2xl00/512+Ib/4x (512-100-10x512/64 ) /512 
= Ibx(10/64+l/2xl00/512+l/4x332/512)=0. 4161b ... (4) 

[0089] 

The refresh current in this case will be less than 
half the refresh current required when only one refresh 
cycle of 64 ms is set for all blocks. 

[0090] 

This, however, is the worst case where none of the 
10 blocks failing the 128-ms retention test overlap the 100 
blocks failing the 256-ms retention test. .If it is assumed 
that 80 blocks out of the 100 blocks failing the 256-ms 
retention test are already included in the 10 blocks 
failing the 128-ms retention test, then only 20 blocks 
actually fail the 256-ms retention test. Hence, refresh 
current Ir in this case is given by expression (5) below: 

Ir=Ibx (10/64+1/2x20/512+1/4x412/512) =0. 37 61b 

... (5) 

[0091] 

Refresh current Ir in this case will be nearly one 
third of the refresh current required when only one refresh 
cycle of 64 ms is set for all blocks. 

[0092] 
[Third Embodiment] 

A third embodiment implements the same features as 
those of the second embodiment described above although it 
has a different circuit configuration. 

[0093] 

Referring to Fig. 11, the third embodiment has the 
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fuse circuit FCO, but does not have the frequency divider 
FDO. Therefore, input predecode signal ZLIO is always 
supplied directly to a row decoder RD as a predecode signal 
ZLO. A fuse signal FIO output from a fuse circuit FCO is 
supplied to all eight counters CTRl to CTR8 . When the fuse 
circuit FCO is cut off and a fuse signal FIO is switched to 
the H level, the counters CTRl to CTR8 enable counter 
output signals CoutOl to CoutOS of LSB. When fuse circuits 
FCl to FC8 are cut off and fuse signals FIl to FI8 are 
switched to the H level, the counters CTRl to CTR8 enable 
counter output signals Coutll to CoutlS of MSB. 
[0094] 

If a retention test result indicates that the 
shortest data retaining time of all blocks BKl to BK8 is 
128 ms or more, then the fuse circuit FCO is cut off. If 
the shortest data retaining time of, for example, the block 
BK8 is 256 ms or more, then the fuse circuit FC8 is also 
cut off. In this. case, the counter output - signals CoutOl 
to CoutOS of all the counters CTRl to CTR8 are enabled in 
response to the fuse signal FIO at the H level, and the 
counter output signal CoutlS of the counter CTRS is enabled 
in response to a fuse signal FIS at the H level. Hence, 
only the counter CTRS functions as a 2-bit counter, while 
the remaining counters CTRl to CTR7 function as 1-bit 
counters. Accordingly, only a frequency divider FD8 
divides the input predecode signal ZLI8 by a frequency 
dividing ratio 1/4, and the remaining frequency dividers 
FDl to FD7 divide the input predecode signals ZLIl to ZLI7 
by a frequency dividing ratio of 1/2. 

[0095] 

Thus, as shown in Fig. 12, the predecode signals 
ZLl to ZL7 are switched to the H level at the 128-ms cycle, 
while the predecode signal ZL8 is switched to the H level 
at the 256-ms cycle. This causes the blocks BKl to BK7 to 
be refreshed at an interval that is double the standard 
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interval and the block BK8 to be refreshed at an interval 
that is quadruple of the standard interval. 

[0096] 
[ Fourth Embodiment ] 

A fourth embodiment has a different block 
construction from that of the aforementioned third 
embodiment. In the third embodiment described above, the 
32 word lines WL in each block are concentrated at one 
place, while the word lines WL are divided into four 
groups, each group containing eight word lines WL in this 
embodiment . 

[0097] 

Referring to Fig. 13, a row decoder RD according 
to the present embodiment is constructed of an AND tree 
that includes four AND gates AND41 to AND44. The row 
decoder RD selects 256 word lines WL in response to 
predecode signal ZLO. The row decoder RD further selects 
32 word lines WL from among the selected 256 word lines WL 
in response to predecode signals ZLl to ZL8 . The row 
decoder RD further selects eight word lines WL from among 
the selected 32 word lines WL in response to predecode 
signals ZL9 to ZL12 . When, for example, the predecode 
signal ZL8 is switched to the H level, each of the AND 
gates AND41 to AND44 selects its corresponding eight word 
lines WL. The 32 word lines WL selected at this time 
constitute the block BK8 . 

[0098] 

The third embodiment is preferable in a case where 
memory cells with short data retaining time are 
concentrated in one place, while the fourth embodiment is 
preferable in a case where such memory cells are scattered. 
[0099] 

The refresh cycle control circuit RCCC according 
to the present embodiment is the same as that of the 
aforementioned third embodiment. Alternatively, however. 
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the refresh cycle control circuit RCCC may be the same as 
that of the aforementioned second embodiment. 
[0100] 

In the second to fourth embodiments, the 128-ms 
refresh cycle is set by dividing it among the 64 blocks 
(subarrays), and the 256-ms refresh cycle is set by 
dividing it among the 512 blocks.. However, the number of 
hierarchies for setting refresh cycles, the type of refresh 
cycle, the number of blocks, etc. are all examples, and the 
present invention is not limited thereto. For instance, if 
the number of counter bits is increased to 3 or 4, then the 
types of refresh cycles can be increased to 512 ms and 1024 
ms - 

[0101] 

In the aforementioned two-hierarchical system, 
nine fuses are provided for every 256 word lines. If two 
fuses are provided for every 32 word lines, that is, 16 
fuses are provided for every 256 word lines, then outputs 
of 2-bit counters can be enabled. This makes it possible 
to select three different refresh cycles, namely, 64 ms, 
128 ms, and 256 ms for each block constituted by 32 word 
lines . 

[0102] 

Although the present invention has been described 
with reference to specific embodiments, the embodiments 
described above are merely examples for implementing the 
present invention. It is to be understood therefore that 
the present invention is not limited to the disclosed 
embodiments. To be contrary, the invention is intended to 
cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended 
claims . 

3. Brief description of the drawings 

Fig. 1 is a functional block diagram showing the 
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entire configuration of a DRAM in accordance with a first 
embodiment of the present inventions- 
Fig . 2 is a functional block diagram showing the 
configuration of a peripheral circuit including a row 
decoder and a refresh cycle control circuit shown in Fig. 
1; 

Fig. 3 is a functional block diagram showing the 
configuration of a block refresh cycle control circuit 
shown in Fig. 2; 

Fig. 4 is a circuit diagram showing the 
configuration of a fuse circuit shown in Fig. 3; 

Fig. 5 is a timing chart showing a burst refresh 
operation of the DRAM shown in Figs. 1 to 4; 

Fig. 6 is a functional block diagram showing the 
entire configuration of a DRAM according to a second 
embodiment of the present invention; 

Fig. 7 is a functional block diagram showing the 
configurations of a subarray shown in Fig. 6 and its 
peripheral circuit; 

Fig. 8 is a functional block diagram showing the 
configurations of a refresh cycle control circuit, a row 
decoder, and a virtual word line decoder and word line 
driver shown in Fig. 7; 

Fig. 9 is a timing chart illustrating the 
operation performed when none of fuse circuits are cut off 
in the refresh cycle control circuit shown in Fig. 8; 

Fig. 10 is a timing chart illustrating the 
operation performed when fuse circuits FCO and FC3 are cut 
off in the refresh cycle control circuit shown in Fig. 8; 

Fig. 11 is a functional block diagram showing the 
configurations of a refresh cycle control circuit, a row 
decoder, and a virtual word line decoder ai;id word line 
driver in a DRAM according to a third embodiment of the 
present invention; 

Fig. 12 is a timing chart illustrating the 
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